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(54) Ice detector 



(57) An ice detector to detect a layer of 
ice on a thin solid sheet 14, such as the 
skin of an aircraft wing, even in the 
presence of water, comprises two ultra- 
sonic transducers attached to the sheet. 
The first transducer 10 is adapted to 



cause propagation of bursts of ultraso- 
nic waves through the sheet 14 having 
their predominant component parallel 
to the surface of the sheet 14. Such 
waves will dissipate energy into an ice 
layer adhering to the surface, but not 
into air or a liquid layer. The second 
transducer 30 is gated to detect the 
waves propagating directly in the sheet 
and to give a signal representative of 
their amplitude. A discriminator 34 re- 
sponsive to the signal detects the pre- 
sence of an ice layer on the surface, the 
ice layer reducing the amplitude of the 
detected v waves. The ultrasonic waves 
have a frequency.in the range 250 kH 3 
to 1 MH 3 and a repetition rate of about 
50 H 3 . The sensitivity of the ice detector 
is proportional to the frequency of the 
ultrasonic waves. The transducers may 
be either piezoelectric (Figure 2) or 
electromagnetic (Figure 3) in operation 
and consist of 1 or more transducer 
strips placed apart by 1 wavelength of 
the operating frequency. 
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SPECIFICATION 
Ice detector 

5 This invention relates to instruments for detecting 
the presence of ice on a surface, in particular on a 
wing of an aircraft. 

In winter conditions an aircraft may be subjected 
to rain and snow, and a layer of ice may form on the 

10 aircraft's wings. Such an ice layer can be hazardous 
to safe operation of the aircraft, causing the aircraft 
to crash on take-off for example. 

According to the invention there is provided a 
method for detecting ice on a surface of a thin solid 

1 5 sheet comprising, energising a transducer to cause 
propagation through a portion of the sheet of 
ultrasonic waves having their predominant compo- 
nent parallel to the surface of the sheet, detecting the 
waves by means of a second transducer, measuring 

20 the amplitude of the waves received by the second 
transducer, and detecting by means of the amplitude 
of the waves received by the second transducer the 
presence of a layer of ice on the surface of the 
portion of the sheet. 

25 If a layer of ice forms oh the surface, the amplitude 
and intensity of the waves detected by the second 
transducer will decrease, as waves having their 
predominant component parallel to the surface will 
dissipate energy into, the ice layer but will not 

30 dissipate energy into air or a liquid layer. 

According to the invention there is also provided 
an ice detector to detect ice on a surface of a thin 
solid sheet, comprising an ultrasonic transducer 
adapted to cause propagation through a portion of 

35 the sheet of ultrasonic waves having their predomi- 
nant component parallel to the surface of the sheet, 
an ultrasonic transducer adapted to receive the 
waves and create a signal representative of the 
amplitude thereof, and means responsive to the 

40 signal to detect the presence of an ice layer on the 
surface of the portion of the sheet. 

The waves may be horizontally polarized guided 
shear waves; or the waves may be a mode of Lamb 
wave whose predominant component is horizontal. 

45 In this context the term horizontal means parallel to 
the surface, while vertical means normal to the 
surface. 

The transducers may be attached to the opposite 
surface of the portion of the sheet to that on which 
50 an ice layer may develop, and may be generated and 
received by piezoelectric or electromagnetic means. 

An ice detector embodying the invention will now 
be described by way of example only and with 
reference to the accompanying drawings in which:- 
55 Figure 1 is a diagrammatic view of an ice detector 
attached to a metal sheet; 

Figure 2 is a sectional view, parallel to the plane of 
Figure 1, of one of the transducers of the ice 
detector; and 
60 Figure 3 is a sectional view of an alternative 
transducer to that of Figure 2. 

As shown in Figure 1, an ice detector comprises a 
first transducer 10 attached to one surface 1 2 of a 
metal sheet 14, opposite the surface 16 on which 
65 icing is expected to occur. The transducer 1 0 is 



connected by a coaxial cable 20 to a signal generator 
22, which when energised causes the transducer 10 
to oscillate at a frequency such as to cause pulses of 
horizontally polarized shear waves to propagate 

70 through the sheet 1 4 with a wavelength comparable 
with the thickness of the sheet 1 4, so that the shear 
waves are guided by the surfaces 12 and 16. A 
second transducer 30 identical to the first transducer 
10 is attached to the surface 1 2 of the sheet 14 at a 

75 distance from the transducer 10. The second trans- 
ducer 30 is connected by a coaxial cable 32 to a 
signal receiver and discriminator 34 for determining 
whether or not an ice layer exists on the surface 1 6 
from a measurement of the amplitude of the signals 

80 from the second transducer 30. 

As shown in Figure 2 the transducer 10 comprises 
six transducer strips 40 parallel to each other 
extending perpendicular to the plane of the Figure 
and spaced apart at a distance equal to the 

85 wavelength of the ultrasonic shear waves in the 
sheet 14, held in a solid matrix 42. Each strip 40 is of 
length 30mm and is bonded to the surface 12 by an 
electrically conducting layer 44. Each strip 40 is 
made of a piezo electric material and has contacts on 

90 opposing top and bottom surfaces (not shown) by 
means of which it can be excited into vibrations 
parallel to its length. These vibrations are in phase 
with the other strips 40, and cause horizontally 
polarised shear waves to propagate in the sheet 14. 

95 The transducer 30 is of identical construction to 
the transducer 10. A shear wave propagating in the 
sheet 14 drives each of the strips 40 of the transducer 
30 into vibrations parallel to its length, thereby 
inducing a voltage between the contacts on the top 
100 and bottom surfaces of the strips 40 of the transduc- 
er 30. 

In operation of the ice detector the signal gener- 
ator 22 is energised to produce a chopped con- 
tinuous wave, the number of cycles in each burst 

105 being approximately equal to the number of trans- 
ducer strips 40 in each of the transducers 10 and 30, 
so thatthe first transducer 10 causes pulses of 
horizontally polarised ultrasonic shear waves to 
propagate through the sheet 14. The pulses are 

1 1 0 received by the second transducer 30 which sends a 
signal, representative of the amplitude of the pulses, 
to the signal receiver and discriminator 34. To 
ensure that the signal receiver and discriminator 34 
responds only to a signal corresponding to a pulse 

115 which has travelled directly from the first transducer 
10 to the second transducer 30, the signal receiver 
and discriminator 34 is gated to operate within a 
time interval about 5% on either side of the expected 
time of arrival of the pulse. If the surface 16 is dry, or 

120 covered in water (in which horizontally polarised 
shear waves cannot propagate) the pulses will have 
a larger amplitude than ifthesurface 16is covered 
by a layer of ice, in which shear waves can prop- 
agate. This is because some of the energy of the 

125 shear wave pulse in the sheet 14 will be dissipated in 
causing waves to propagate through the ice. Thus 
the ice detector can detect ice adhering to the 
surface 1 6 but is insensitive to the presence of the 
water. 

130 The frequency of the continuous wave produced 
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by the signal generator 22 depends on the mode of 
wave which it is desired to propagate through the 
sheet 4. For example, for a zero-order symmetrical 
horizontally polarised shear wave a frequency in the 
5 range 250 kHz to 1 MHz may be used. The pulse 
repetition frequency is limited by reverberation of 
the pulses, but may conveniently be 50 Hz. The 
distance between the first transducer 1 0 and the 
second transducer 30 along the sheet 14 might be as 
10 large as 5 or 10 metres, although this depends on the 
materia! of which the sheet 14 is made, and on the 
sensitivity of the signal receiver and discriminator 
34. 

The sensitivity of the ice detector to different 

1 5 thicknesses of ice depends upon the frequency (and 
hence the wavelength) of the ultrasonic waves. It has 
been found that an ice detector generating zero- 
order symmetrical horizontally polarised shear 
waves and operating at 1 MHz is sensitive to an ice 

20 layer about half as thick as that to which a similar ice 
detector operating at 500 kHz is sensitive. The 
frequency of operation of the ice detector can 
therefore be chosen to provide a required sensitivity. 
It will be understood that alternative types of 

25 transducer may be used to generate the horizontally 
polarised shear waves and in Figure 3, to which 
reference is now made, is shown an electromagnetic 
transducer 50 which may be used in place of the 
transducers 10 and 30 on a metal sheet 14. The 

30 electromagnetic transducer 50 comprises six strips 
52 of soft ferromagnetic material extending parallel 
to each other and perpendicular to the plane of the 
Figure, of length 30mm, and spaced apart at a 
distance equal to the wavelength of the ultrasonic 
. 35 shea rwaves.in.the sheet 14 by spacers 56 of 

non-ferromagnetic material. Two ceramic magnets 
58, one on each side of the sheet 14, produce a 
magnetic field perpendicular to the surface of the 
sheet 14 which is strongest adjacent to the ferro- 

40 magnetic strips 52. A coil 60 of ten turns of wire is 
wound around the ferromagnetic strips 52 and the 
spacers 56, a part of each turn lying adjacent to one 
surface 12ofthesheet14and parallel to the plane of 
the Figure. The ferromagnetic strips 52 and the coil 

45 60 are located adjacent to the surface 12 of the sheet 
14 but are not bonded to it. 

An alternating current (from a source which is not 
shown in the Figure) flowing in the coil 60 induces 
eddy currents in the surface 1 2 of the sheet 1 4 

50 parallel to the plane of the Figure, so that the 
portions of the surface 12 adjacent to the ferro- 
magnetic strips 52 experience forces perpendicular 
to the plane of the Figure, and so shear waves are 
caused to propagate in the sheet 14. Similarly, a 

55 shear wave propagating in the sheet 14 adjacent to 
the ferromagnetic strips 52 will induce an alternating 
electromotive force in the coil 60. 

An ice detector utilizing two transducers 50 in 
place of the transducers 10 and 30 operates in the 

60 same manner as that described above in relation to 
the ice detector of Figures 1 and 2. 
" It will be appreciated that although the transducers 
10, 30 and 50 have been described as comprising six 
strips 40 or 52, a different number of strips may be 

65 found more convenient. Each transducer may have 



as few as one strip, but for adequate selectivity of 
ultrasonic wave mode a number greater than five is 
preferable. 

It will be appreciated also that the length of each 

70 strip 40 or 52 determines the directivity of the 

transducer 1 0, 30 or 50, but that the length may also 
be dictated by installation constraints. In the trans- 
ducers 10, 30, and 50 the strips are of length thirty 
millimetres, but, for example, strips of length be- 

75 tween 10mm and 50mm may be convenient. The 
width of the strips is preferably equal to about a fifth 
of the wavelength of the ultrasonic waves generated, 
but the strips may be of any convenient width less 
than about half the wavelength. 

80 It will be understood that other modes of wave 
may be caused to propagate in the sheet 14. For 
example a mode of Lamb wave having its predomi- 
nant component parallel to the surface may be used. 
It will also be understood that as long as the 

85 wavelength of the ultrasonic waves is comparable to 
the thickness of the sheet then the ultrasonic waves 
will be guided by the surfaces of the sheet, and the 
transducers 10, 30 or 50 may be situated on either 
side of the sheet 

90 It will also be appreciated that once a layer of ice is 
detected on the surface 16 of the sheet 14 by the ice 
detector, then the thickness of the ice layer may if 
desired be measured by a conventional thickness 
gauge monitor (not shown) attached to the sheet 14 

95 at a position between the first and the second 
transducers of the ice detector. 

CLAIMS 

100 1. A method for detecting ice on a surface of a. . 
thin solid sheet comprising, energising a transducer 
to cause propagation through a portion of the sheet 
of ultrasonic waves having their pedominant compo- 
nent parallel to the surface of the sheet, detecting the 

105 waves by means of a second transducer, measuring 
the amplitude of the waves received by the second 
transducer, and detecting by means of the amplitude 
of the waves received by the second transducer the 
presence of a layer of ice on the surface of the 

110 portion of the sheet. 

2. A method as claimed in Claim 1 wherein the 
waves are horizontally polarized guided shear 
waves. 

3. A method as claimed in Claim 1 wherein the 
115 waves are a mode of Lamb wave whose predomi- 
nant component is horizontal. 

4. A method as claimed in any one of the 
preceding Claims wherein the frequency of the 
waves is chosen to provide a desired sensitivity to 

1 20 thickness of the ice layer. 

5. An ice detector to detect ice on a surface of a 
thin solid sheet, comprising an ultrasonic transducer 
adapted to cause propagation through a portion of 
the sheet of ultrasonic waves having their predomi- 

125 nant component parallel to the surface of the sheet, 
an ultrasonic transducer adapted to receive the 
waves and create a signal representative of the 
amplitude thereof, and means responsive to the 
signal to detect the presence of an ice layer on the 

130 surface of the portion of the sheet. 
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6. An ice detector as claimed in Claim 5 wherein 
the waves are horizontally polarized guided shear 
waves. 

7. An ice detector as claimed in Claim 5 wherein 
5 the waves are a mode of Lamb wave whose 

predominant component is horizontal. 

8. An ice detector as claimed in any one of 
Claims 5 to 7 wherein the frequency of the waves is 
chosen to provide a desired sensitivity to thickness 

10 of the ice layer. 

9. An ice detector as claimed in any one of 
Claims 5 to 8 wherein the ultrasonic transducers are 
acoustically coupled to the opposite surface of the 
portion of the sheet to that on which an ice layer may 

15 form. j 

10. An ice detecor as claimed in any one of 
Claims 5 to 9 wherein the ultrasonic transducers are 
piezoelectric transducers. 

11. An ice detector as claimed in Claim 10 

20 wherein each transducer includes more than five 
piezoelectric strips. 

12. An ice detector/as claimed in any one of 
Claims 5 to 9 wherein the ultrasonic transducers are 
electromagnetic transducers. 

25 13. An ice detector as claimed in Claims 12 
wherein each transducer comprises more than five 
ferromagnetic strips, and an exciting coil. 

14. A method for detecting ice on a surface of a 
thin solid sheet substantially as hereinbefore de- 

30 scribed and with reference to Figure 1 and Figure 2, 
or Figure 3, of the accompanying drawings. 

1 5. An ice detector to detect ice on a surface of a 
thin solid sheet, substantially as hereinbefore de- 
scribed and with reference to Figure 1 and Figure 2, 

35 or Figure 3, of the accompanying drawings. 
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